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(54) ELECTROSURGICAL GENERATOR WITH DUAL OUTLETS

(57) Electrosurgical generator comprises an inverter
unit (4) generating a high-frequency alternating voltage
to be supplied to at least two output sockets (17, 17’) for
connection of electrosurgical instruments (19, 19’). The
inverter unit is a multilevel inverter. It comprises a plurality
of co-operating inverter cells (5-1, 5-2, 5-3, 5-4) which
are connected in a cascaded manner in a first state and
being split into at least two groups (I, II) in a second state.
The inverter unit is selectively switchable between said

first and second state. Each group is assigned one of the
output sockets and feeds its HF voltage thereto. This
enables simultaneous controlling of the distinct groups
and their HF output. Unwanted interference patterns can
be avoided. Uncontrolled low-frequency beat can be
largely suppressed, allowing improved control of thermal
energy and cutting power. Quality of the work performed
can be increased.
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Description

[0001] The invention relates to an electrosurgical gen-
erator configured to output a high-frequency alternating
voltage to at least one electrosurgical instrument. The
electrosurgical generator comprises an inverter unit gen-
erating high-frequency alternating voltage to be supplied
to at least two output sockets configured for simultaneous
connection of electrosurgical instruments.
[0002] In electrosurgery or high-frequency surgery, an
electrosurgical instrument such as an electroscalpel is
used to apply high-frequency alternating current to tissue
in the human body. Usually high-frequency in the radiof-
requency range of about 200 kHz to up to 4,000 kHz is
used. This results in local heating of the tissue. Thereby,
the tissue is cut or severed by heating, and the tissue is
removed by thermal resection. A major advantage of this
is that bleeding can be stopped at the same time as the
cutting is made by closing the affected vessels, and elec-
trosurgical instruments can be used for other applica-
tions, such as coagulation. Different kind of applications
require different electrosurgical instruments.
[0003] For some applications it may be required to per-
form surgery tasks utilizing more than one, in particular
two electrosurgical instruments at the same time (dual
activation). In order to make this feasible, separate elec-
trosurgical generators may be used, one for each elec-
trosurgical instrument. A typical problem encountered is
that interference between the outputs of the high-voltag-
es generated by the generators may occur. Such inter-
ference may include an unwanted low-frequency beat
similar to the phenomenon as encountered in the field of
acoustics if two frequencies are close to each other but
do not exactly match. Such low frequent beat is adverse
to stable operating conditions of the electrosurgical in-
struments. This is especially true if two distinct electro-
surgical generators are used but may also be encoun-
tered if a single electrosurgical generator having dual out-
put stages and inverters is employed, thereby allowing
dual activation of electrosurgical instruments. However,
avoiding unwanted interference is still difficult.
[0004] It is thus an object of the invention to provide
an improved electrosurgical generator allowing dual ac-
tivation that reduces this drawback.
[0005] The solution according to the invention consists
in an electrosurgical generator according to the features
of the independent claim. Advantageous developments
are the subject matter of the dependent claims.
[0006] In an electrosurgical generator configured to
output a high-frequency alternating voltage to an elec-
trosurgical instrument, comprising an inverter unit gen-
erating a high-frequency alternating voltage to be sup-
plied to at least two output sockets for connection of elec-
trosurgical instruments, wherein the inverter unit is con-
figured for simultaneous activation of the output sockets
and the respective connected electrosurgical instru-
ments, it is provided according to the invention that the
inverter unit is a multilevel inverter and comprises a plu-

rality of co-operating inverter cells, said plurality of invert-
er cells being connected in a cascaded manner in a first
state and being split into at least two groups in a second
state, each group being assigned to one of the output
sockets and feeding its generated high-frequency alter-
nating output voltage via electrode lines to said assigned
output socket, wherein the inverter unit is selectively
switchable between first and second state upon direction
and/or command.
[0007] Modern electrosurgical generators employ an
inverter which is comprised of a plurality of inverter cells.
The inverter cells are usually connected in series in order
to provide a high HF voltage that is required for supplying
the electrosurgical instruments. An electrosurgical gen-
erator comprising such an inverter is the subject of ap-
plicant’s yet unpublished patent application filed as DE
10 2021 122 282. This allows for more efficient and ver-
satile generation of the high frequency voltage. In partic-
ular, the generated voltage is determined by the refer-
ence signal used to control the inverter cells, thereby
providing a positive control with respect to frequency,
phase and optionally also shape of the generated AC
voltage.
[0008] In the following, some expressions that are used
within the context of the invention are explained:
The inverter unit is a device to provide the actual high-
frequency alternating voltage output for the surgical in-
strument to be connected to the output socket. The in-
verter unit comprises a plurality of inverter cells which
are connected with each other in order to supply the high-
frequency high voltage necessary for the electrosurgical
instruments. Frequency, phase and usually also ampli-
tude of the high-frequency voltage generated by the in-
verter unit is controlled by a reference signal as used by
the controller unit.
[0009] In the context of the present application the term
"high-frequency" relates to frequencies in the radiofre-
quency range of 200 kHz to 4000 kHz as generated by
the inverter of the electrosurgical generator. The high
frequency alternating voltage is typically a high voltage.
In the context of the present patent high voltage is con-
sidered as having an amplitudes in the high voltage
range, in particular up to 10 kV, preferably up to 4000
Volt and further preferably more than 10 Volt.
[0010] The invention draws on the fact that employing
an inverter being configured as a stacked multi-cell in-
verter allows to deliberately split the plurality of inverter
cells into at least two distinct group, one group each feed-
ing one output. The plurality of inverter cells and therefore
the distinct groups are under common control, thereby
allowing for a simultaneous controlling of the distinct
groups and the high-voltage output as provided by each
group. Thereby, unwanted interference patterns can be
avoided. As a result, an uncontrolled low-frequency beat
that has adversely affected common activation of two or
more electrical surgical instruments by employing the
conventional approach can be largely suppressed or
even eliminated. Thereby, thermal energy and cutting
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power of the electrosurgical instrument can be controlled
much better, thereby increasing quality of the work per-
formed by the surgeon by the electrosurgical instru-
ments.
[0011] All these benefits can be realized by selecting
the second state. This may happen preferably according
to a user command and/or to a direction issued by the
main control unit and/or a mode of electrosurgical gen-
erator. However, by selecting the first state the electro-
surgical generator is enabled to operate the inverter cells
as a single group, thereby functioning as a conventional
multilevel generator being capable of an extra fine gra-
dation of the output voltage.
[0012] Therefore the invention achieves at least two
major benefits for the patient, reducing hazardous con-
ditions and improving quality of the surgery. Furthermore,
versatility of the electrosurgical generator is enhanced.
[0013] Preferably, the at least two groups with their re-
spective inverter cells are being commonly controlled by
synchronized reference signals being generated by a
control unit. In the context of the present invention the
term synchronized means having the same frequency,
and optionally also same phase.
[0014] Employing an inverter using multi-cell technol-
ogy having the cells split into distinct groups under com-
mon control brings further the advantage that frequency
is stabilized even under varying load conditions. This ap-
plies to either output, thereby keeping them in tied to-
gether even in difficult conditions, in particular but not
limited to situations in which inhomogenic tissue is to be
treated where electrical impedance varies greatly. Con-
ventionally this would often lead to frequency deviations
and therefore uncontrolled beat frequencies with detri-
mental effects on quality of the electrosurgical operation.
All this can be effectively avoided due to common control
of the groups of inverter cells as claimed.
[0015] Advantageously, the reference signals are be-
ing synchronized such that the output voltages have the
same frequency. By providing such synchronized refer-
ence signals for the groups of inverter cells it is ensured
that the voltages generated by the groups of inverter cells
are in synchronism, too. Such a synchronous frequency
brings the advantage that there is no difference in fre-
quency between the high-frequency voltage generated
by one group and the high-frequency voltage generated
by another group. If both waveforms have the exact same
frequency any low frequency interference pattern can be
effectively avoided. In particular, due to the frequency
being identical there is no risk of creating a low beat con-
dition which requires by definition presence of a frequen-
cy difference (which then determines the beat frequen-
cy).
[0016] Further preferably, the output of one group is
synchronized in phase with a predefined phase shift to
the output voltage of another group. Thereby, not only
frequency becomes synchronized but also phase be-
comes synchronized between the output of one group
with respect to the output of another group. The prede-

fined phase shift may be zero so that the outputs voltage
of different groups will have same frequency and same
phase. However, this is not necessarily so, another pre-
ferred option is to have a phase shift of 180°, i.e. reversed
polarity. Thereby the output voltage can be inverted with
respect to the output voltage of another group. Surpris-
ingly, there are certain situations in which inverted polar-
ity provides improved interference characteristics.
[0017] In an advantageous embodiment, at least two
groups share one of the electrode lines, in particular they
share a common neutral electrode. By virtue of this, the
number of electrodes to be applied to the body of the
patient can be reduced. If it is the common neutral elec-
trode, then it is ensured that those instruments have the
same neutral potential thereby reducing unwanted cross-
currents at the neutral potential.
[0018] Preferably, the output sockets are configured
for unipolar electrosurgical instruments. By virtue of this,
two unipolar electrosurgical instruments can be supplied
with HF power, wherein preferably a shared a neutral
electrode is used. Such a configuration is beneficial as
it allows for dual independent activation of both unipolar
electrosurgical instruments while just requiring one ad-
ditional electrode at the body of the patient. However, as
far as further operation, in particular regulation of power,
is concerned some interdependencies between outputs
to the respective electrosurgical instrument exist. By pro-
viding suitable control systems such interdependencies
can be dealt with to a large extent.
[0019] In a preferred alternative embodiment, each
group has its own electrodes, in particular an active and
neutral electrode, neither of them being shared with an-
other group. Thereby, the attached electrosurgical instru-
ments become more independent since each of them
has its own return (neutral) electrode. It is further possible
to provide a preferable galvanic isolation. This enables
a more independent application of the electrosurgical in-
strument of one group with respect to the electrosurgical
instrument of another group.
[0020] In a particularly advantageous embodiment the
output sockets are configured for bipolar electrosurgical
instruments. Thereby dual activation of bipolar electro-
surgical instruments can be achieved. However, even
though both instruments are fully galvanically isolated,
cross-currents may flow between the electrosurgical in-
struments due to the patient body’s tissue forming a
closed loop between the two electrosurgical instruments.
It was found that the amplitude of the cross-currents de-
pend on the relative polarity of the voltage supplying elec-
trosurgical instrument. Surprisingly, a minimization of the
cross-current can be achieved by selectively changing a
polarity of the output voltage of one of the groups. By
virtue of this, with rather simple means unwanted cross-
current can be reduced.
[0021] In a preferred embodiment, a current monitor is
provided which is configured to determine a cross-current
between the output sockets. Thereby it can be detected
when a cross-current occurs. This can be employed for
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example by the control unit to monitor that the cross-
current does not become excessive and therefore pro-
tective function can be realized.
[0022] Advantageously, an automatic polarity switcher
is provided for at least one of the groups, wherein the
automatic polarity switcher is configured to co-operate
with the current monitor for identifying a polarity having
minimal cross-current. This enables selection of a polar-
ity such that the cross-current is minimized and therefore
unwanted interferences can be suppressed. In a pre-
ferred embodiment, the automatic polarity switcher is
configured to co-operate with the current monitor such
as to (i) determine the cross-current in a first polarity
state, (ii) then switch the polarity to a second polarity
state and determine the cross-current in the second po-
larity state, (iii) comparing the cross-currents of the first
and second polarity state, (iv) determine which polarity
state has a lower cross-current, and (v) selecting the po-
larity having the lower cross-current. This can be per-
formed manually or, preferably, automatically so that the
polarity of at least one of the output voltage is selected
such as to minimize cross-current and therefore interfer-
ences. A major advantage of the automatic polarity
switcher is that it automatically keeps track to maintain
the lower cross-current scenario and therefore provides
a valuable boost of practicability of the dual activated
electrosurgical instruments.
[0023] Preferably, a beat frequency monitor is provid-
ed that is configured to determine a beat frequency be-
tween outputted high-frequency voltages of the at least
two output sockets. Thereby it can be monitored of wheth-
er the frequencies are properly tied, particularly whether
synchronism is achieved and maintained and the at least
two electrosurgical instruments attached to the output
sockets can be operated safely. If an unwanted beat fre-
quency occurs then it is an indicator that frequency syn-
chronism needs to be readjusted. To this end, the beat
frequency monitor preferably co-operates with a syn-
chronizing unit for ensuring frequency, and preferably
phase, synchronicity between the at least two groups.
Thereby synchronicity in terms of frequency, and if ap-
plicable also phase, can be maintained. Preferably, nu-
merically controlled oscillators (NCO) and/or PLL circuits
may be employed for this purpose.
[0024] Advantageously, a decoupling control unit is
provided that is configured to automatically modify a pow-
er setting of one of the group of the inverter cells upon a
change of a power setting of an other group of the inverter
cells. Preferably, said decoupling control unit is part of
or interacting with the common control unit. Thereby, in-
terdependencies that may exist between the groups of
inverters can be automatically managed. This provides
for a much improved user experience in particular in sit-
uations in which changing settings of one group also af-
fects the other group. For example, changing of power
delivered by one group of the inverter cells to one of the
instruments also leads to a change in power delivered
by the other group of inverters to the other instrument,

and vice versa. This is largely due to the instruments
working on and therefore being electrically connected to
the same patient body. This cannot be eliminated due to
the laws of physics, however according to this advanta-
geous aspect of the invention it was realized that said
interdependence can be controlled. To this end, the de-
coupling control unit is preferably configured to provide
a control structure reversing the physical coupling. By
virtue of such a decoupling control unit the system be-
haves like two independent sub-systems from a control
point of view. This enables the surgeon operating the
electrosurgical generator to just change the power deliv-
ered to one of the instruments, and the decoupling control
unit automatically performs the necessary adjustments
to the groups of inverter cells in order to achieve the de-
sired power change. The decoupling control unit may fur-
ther be configured to comprise a predictive parameter
calculation sub-device. It is configured to pre-calculate
necessary adjustments for e.g. amplitude and/or phase
of either of the group of inverters. Thereby, a stable con-
trol setting can be set quickly without the need of itera-
tions of re-setting. This further improves controllability
and control dynamics.
[0025] In an advantageous embodiment a switching
device is provided which is configured to selectively alter
an electrode, in particular a neutral electrode, between
a shared and an unshared state. This enables a quick
change of configuration according to need. If required for
operation or, in particular in the case of unipolar electro-
surgical instruments, the neutral electrodes may be
switched into a shared state. However, in other configu-
rations, in particular but not limited to usage of bipolar
instruments, it may be beneficial to have a neutral elec-
trode in an unshared state for more independent opera-
tion.
[0026] The invention is explained in more detail below
by way of examples in conjunction with the accompany-
ing drawing showing advantageous embodiments. In the
drawing:

Fig. 1 shows a frontal view of an electrosurgical
generator with two attached electrosurgical
instruments;

Fig. 2 shows a schematic functional diagram of
the electrosurgical generator including two
output sockets;

Fig. 3A, B shows a plurality of inverted cells in a first
state and in a second state being split in
groups;

Fig. 4 shows an internal configuration of two in-
verter cells;

Fig. 5A, B show an equivalent circuit diagram and cur-
rents for unipolar electrosurgical instru-
ments;
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Fig. 6A, B shows another equivalent circuit diagram
and currents for unipolar electrosurgical in-
struments; and

Fig. 7A, B shows an equivalent circuit diagram and
currents for bipolar electrosurgical instru-
ments.

[0027] An electrosurgical generator according to an
exemplary embodiment of the invention is illustrated in
Fig. 1. The electrosurgical generator, identified as a
whole by reference numeral 1, comprises a housing 11
having at least two output sockets 17, 17’ (and optionally
an additional output socket 17") for connection of elec-
trosurgical instruments 19, 19’. A power supply cable 13
is provided with a plug 12 for connection to an electrical
power source (not shown) which may be an electricity
grid, like AC mains in a building, or an off-grid source of
electric energy, like a 12 Volt or 24 Volt battery in a vehicle
or mobile hospital. Further, a user interface 14 is provided
comprising a display 15 which may be a touchscreen, or
knobs 16, 16’ may be present for inputs by a user.
[0028] Further referring to Fig. 1 and Fig. 2, said elec-
trosurgical instrument 19 comprises a cable with a plug
18 which is to be plugged-in into the output socket 17 in
order to supply high-frequency alternating voltage for the
electrosurgical instrument 19. This applies likewise with
respect to the other electrosurgical instrument 19’ to be
connected by its plug 18’ to the output socket 17’.
[0029] Fig. 2 shows a schematic functional diagram of
the electrosurgical generator. Electric power is delivered
by the power supply cable 13 to a power supply unit 3 of
the electrosurgical generator 1. The power supply unit
provides electrical power, in the depicted embodiment
DC power, to the various components, units and modules
of the electrosurgical generator 1. In particular, it provides
electrical power via a DC bus 30 to an inverter unit 4
configured for generating high-frequency alternating volt-
age, said high-frequency voltage being fed via a filter 36,
a transformer 37 and sensor arrangement 38 for voltage
and current measurement to the output socket 17 for sup-
plying the plugged-in electrosurgical instrument 19. The
high-voltage is usually in a range of a few kilovolts, but
may have amplitudes in a range of several 10 Volt up to
4000 Volt. Further, the inverter unit 4 is provided with a
second branch for outputting voltage in a likewise fashion
via a filter 36’, step-up transformer 37’ and sensor ar-
rangement 38’ to the other output socket 17’.
[0030] Operation of the inverter unit 4 is governed by
a master controller 2 which in turn is connected with the
user interface 14 such that the user can issue directions
and commands for operation of the electrosurgical gen-
erator 1. The master controller 2 generates correspond-
ing control signals and governs the relevant components,
units and modules of the electrosurgical generator 1 ac-
cording to these instructions and commands. In particu-
lar, the master controller 2 provides command signals to
a common control unit 6 which in turn controls the inverter

unit 4 with its inverter cells, in the depicted exemplary
embodiment four inverter cells 5-1, 5-2, 5-3, 5-4 are pro-
vided. The high-frequency voltage as generated is output
by the inverter unit 4 to two electrode lines comprising
an active electrode 33 and a neutral electrode 34 leading,
via the filter 36, the step-up transformer 37 and the sensor
arrangement 38 to the output socket 17. Likewise, a sec-
ond high-frequency voltage is generated by the inverter
unit 4 and supplied by means of two electrode lines com-
prising an active electrode 33’ and a neutral electrode
34’ leading, via filter 36’, the step-up transformer 37’ and
the sensor arrangement 38’ to the output socket 17’.
[0031] Generation of the high-frequency voltage by the
inverter unit 4 and supplying to the output socket 17 or
to the output sockets 17, 17’, as the case may be, will be
explained in the following with reference to Fig. 2 and
Fig. 3A, B. As shown, the inverter unit 4 comprises a
plurality of inverter cells 5-1, 5-2, 5-3, 5-4 which are driven
by the common control unit 6. The inverter cells 5-1, 5-2,
5-3, 5-4 are being fed by DC voltage from the power
supply unit 3, in the depicted case a DC voltage of 48 V.
This DC voltage is applied to all of the inverter cells 5-1,
5-2, 5-3, 5-4. The inverter cells 5-1, 5-2, 5-3, 5-4 are
provided with reference signals being generated by the
common control unit 6 and conveyed to the inverter cells
5-1, 5-2, 5-3, 5-4 by means of a signal line 60.
[0032] The inverter cells 5-1, 5-2, 5-3, 5-4 2 can be
connected in a selective manner. As shown in Fig. 3A,
in a first state the inverter cells are connected in series
to form a stacked inverter cell configuration. To each of
the inverter cells 5-1, 5-2, 5-3, 5-4 DC voltage of, e.g. 48
Volt, is supplied by the power supply unit 3 and reference
signals are applied to them as delivered by the line 60
from the common control unit 6 and being forwarded to
the individual inverter cells 5-1, 5-2, 5-3, 5-4 directly or
via a (closed) group switch 56. Owing to their series con-
figuration, the output voltage of each of the inverter cells
5-1, 5-2, 5-3, 5-4 are added to each other to form a com-
mon output voltage Vout that is equal to the sum of the
output voltage of all inverter cells 5-1, 5-2, 5-3, 5-4. This
is considered as being the first state, wherein the inverter
cells 5-1, 5-2, 5-3, 5-4 cooperate in the manner to form
a multilevel inverter.
[0033] In Fig. 4 a detail view of inverter cells 5-1, 5-2
and their co-operation is shown. The inverter cells 5-1
and 5-2 are in a cascaded arrangement and both are
being supplied by the same DC voltage of exemplary 48
V from the power supply unit 3, as illustrated on the left
side edge of Fig. 4. Further a stabilization capacitor 32
is provided. Hereby the two inverter cells 5-1 and 5-2 are
supplied with stabilized DC voltage. Each of the inverter
cells comprises four power switches that operate as cur-
rent valves and are arranged in an H-bridge configura-
tion. The power switches are power semiconductor
switches, e.g. configured as IGBTs, MOSFETs or GaN-
FETs. Power switches 51, 53 are connected in series
and form a first branch, power switches 52, 54 are like-
wise connected in series and form a second branch.
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Center taps of the two branches are guided out and con-
nected to both ends of the primary winding of a trans-
former 55. The transformer 55 comprises a secondary
winding which serves as an output of the respective in-
verter-cell. The two power switches 51, 53 are driven by
a common signal C1.a, wherein the signal supplied to
the power switch 53 is provided in an inverted form. The
two power switches 52, 54 of the second branch are like-
wise driven by a current signal C1.b, wherein the signal
is supplied to the power switch 52 in inverted form. The
signals C1.a and C1.b are generated in a manner known
per se. Operation is as follows: in the event of a HIGH
signal of C1.a the power switch 51 is put into the on state
and the power switch 53 is put into the off state, that is
to say the first power branch applies a positive potential
to the upper connection of the transformer 55 and even-
tually to the active electrode line 34. Accordingly, in the
event of a HIGH signal of C2.b the power switch 54 is
put into the on state by the power switch 52 is put into
the off state. The second power branch thus applies a
negative potential to the lower connection of the trans-
former 55 and eventually to the neutral electrode line 33.
[0034] Now returning to Fig. 3A, the first state is shown
having the inverter cells 5-1, 5-2, 5-3, 5-4 connected in
series in a conventional manner. The reference signal is
supplied by line 60 and distributed to the inverter cells
5-1, 5-2, 5-3, 5-4.
[0035] According to the present invention, there is a
second state selectable in which the inverter cells 5-1,
5-2, 5-3, 5-4 are being split into at least two groups. This
is shown in Fig. 3B in which two groups I, II are depicted.
The groups I, II can be isolated from each other with
respect to reference signals by a first group switch 56
and with respect to output voltage by second group switch
57. Each group I, II generates an output voltage Vout I,
VoutII which is fed via electrode lines to the respective
output sockets 17, 17’. The reference signal being sup-
plied by the common control unit 6 is conveyed to the
inverter cells 5-1, 5-2 of the first group I via signal line
60, whereas the reference signal for the inverter cells
5-3, 5-4 of the second group II is supplied by the common
control unit via signal line 60’. By virtue of the common
control unit 6 the reference signal fed to the inverter cells
5-3, 5-4 of the second group II has the same frequency
as the reference signal supplied to the inverter cells 5-1,
5-2 of the first group I, however it may have a different
or - as shown - a reverse polarity.
[0036] In other words, the plurality of inverter cells 5-1,
5-2, 5-3, 5-4 are split into two groups, the first group I
comprising inverter cells 5-1, 5-2 generating a first output
voltage Vout I being supplied to the first output socket
17. Likewise the, the second group II comprises inverter
cells 5-3, 5-4 generating a second output voltage Vout II
being supplied to the second output socket 17’. Thereby,
an own output voltage is supplied to either of the output
socket 17, 17’ and the respective electrosurgical instru-
ments 19, 19’ which can be used at the same time and
independently from each other (dual activation). Opera-

tion of the inverter cells 5-1, 5-2 of the first group I is
controlled by the reference signal conveyed via line 60,
and operation of the inverter cells 5-3, 5-4 of the second
group II is controlled by the reference signal conveyed
via line 60’ having the same frequency as reference sig-
nal conveyed via line 60.
[0037] The inverter unit 4 and its inverter cells 5-1, 5-2,
5-3, 5-4 are being controlled by the common control unit
6. The common control unit 6 communicates with the
master controller 2 and acts in accordance with directions
and command as issued by the master controller 2. The
common control unit 6 comprises a reference signal gen-
erator 61 configured to generate a reference signal for
driving the inverter unit 4. The reference signal deter-
mines in particular frequency, phase and usually also
amplitude of the high-frequency voltage generated by
the inverter unit and its inverter cells 5-1, 5-2, 5-3, 5-4.
[0038] Further, the common control unit 6 comprises
a frequency following unit 62 and a phase shift unit 63.
The frequency following unit 62 is configured to tie a fre-
quency of a reference signal 60’ supplied to the second
group II of inverter cells 5-3, 5-4 to the frequency of the
reference signal 60 supplied to the first group I of inverter
cells 5-1, 5-2. Preferably, the frequency following unit 62
is configured to synchronize the frequency of the refer-
ence signal 60’ to the frequency of the reference signal
60 with a preselectable phase shift. Thereby, it is ensured
that the groups I, II of inverter cells 5-1, 5-2, 5-3, 5-4 are
being driven at the same frequency so that no frequency
difference materializes, and as a result no beat frequency
occurs. In order to verify this condition a beat frequency
monitor 66 is provided which is configured to determine
the beat frequency and interacts with the frequency fol-
lowing unit 62, preferably such as to ensure synchronic-
ity, in particular frequency synchronicity.
[0039] Likewise, the phase shift unit 63 adjusts the
phase of one of the reference signals 60, 60’ such that
they have a predefined phase shift. The phase shift is
preselectable either by the user and/or by the master
controller 2. In many cases this predefined phase shift
will be zero such that the reference signal 60, 60’ will not
only have the same frequency but also the same phase.
Further, there may be instances where it is desirable to
invert the reference signal 60’ with respect to reference
signal 60. To this end, a polarity inverter 65 is provided
at the common control unit 6, preferably inverting the
reference signal 60’ for the second group II.
[0040] Further, the common control unit 6 comprises
state switch 64. It is activated when the inverter changes
from the first state operating all inverter cells 5-1, 5-2,
5-3, 5-4 uniformly in a conventional manner to the second
state wherein the inverter cells 5-1, 5-2, 5-3, 5-4 are split
into groups. Upon entering the second state, the state
switch 64 operates via a signal line 64’ group switches
56, 57 in order to isolate connections between the groups
of inverter cells 5-1, 5-2, 5-3, 5-4, thereby enabling the
groups I, II to be operated independently. Operation of
group switch 56 is mandatory in order to enable inde-
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pendent control of both groups I, II. Operating of second
group switch 57 is optional depending on whether the
electrodes of both groups I, II shall be galvanically iso-
lated from each other or whether they shall have a shared
electrode, typically a shared neutral electrode as it is in-
dicated by the dashed dotted lines in Fig. 3B.
[0041] Yet further, a decoupling control unit 68 may be
provided. Although the groups of inverter cells I, II are
isolated from each other this does not mean that there
is no interdependence at all. Situations may be encoun-
tered in which e.g. a change in power delivered by one
group I of the inverter cells also leads to a change in
power delivered by the other group II of inverters, and
vice versa, since the respective instrument 19, 19’ to
which the respective group of inverters I, II is connected
are working on the same body. So, there is some inter-
dependence. This cannot be eliminated due to the laws
of physics, however the invention has realized that said
interdependence can be controlled. Therefore, the de-
coupling control unit 68 is advantageously configured to
provide a control structure reversing the physical cou-
pling. Such control structures are generally known in the
art e.g. for decoupling MIMO (multi-input multi-output)
industrial processes. By virtue of such a special decou-
pling control unit 68 the system behaves like two inde-
pendent sub-systems from a control point of view. This
enables the surgeon operating the electrosurgical to just
change the power delivered to one of the instruments 19,
and the common control unit 6 with its decoupling control
unit automatically performs the necessary adjustments
to both groups of inverter cells I, II in order to achieve the
desired power change to the selected instrument. The
decoupling control unit 68 may further be configured to
comprise a predictive parameter calculation sub-device.
It is configured to pre-calculate necessary adjustments
for e.g. amplitude and/or phase of either of the group of
inverters I, II. Thereby, a stable control setting can be
dialed-in quickly without the need of iterations of re-set-
ting. This further improves control dynamics.
[0042] Reference is made to Fig. 5A, B showing an
equivalent circuit diagram and currents for unipolar elec-
trosurgical instruments. It relates to operation of the elec-
trosurgical generator 1 with the inverter unit 4 in the sec-
ond state configuration. The inverter cells 5-1, 5-2, 5-3,
5-4 are split into two groups I, II, wherein the output volt-
age provided by group I supplying electrosurgical instru-
ment 19 is symbolized as a voltage source denoted by
reference sign "I", and wherein the output voltage pro-
vided by group II supplying electrosurgical instrument 19’
is symbolized as a voltage source denoted by reference
sign "II". The body tissues surrounding electrosurgical
instruments 19, 19’ are being symbolized by an imped-
ance Zinstr1, Zinstr2, respectively. Further, both unipolar
electrosurgical instruments share a common neutral
electrode connecting to the body of patient being sym-
bolized by the resistance Rbody for the common neutral
electrode path.
[0043] In Fig. 5B, the oscillating curve relates to the

prior art. It shows the current flowing through electrosur-
gical instrument 19 (through Zinstr1). As it happens in
the prior art, the voltage sources for both instruments
have a slight and uncontrolled frequency difference, in
the depicted case about 3%. The varying amplitude of
the oscillating curve represents a resulting beat frequen-
cy which shows that an unwanted uncontrolled modula-
tion occurs of the current flowing through said electro-
surgical instrument 19. This adversely affects reliable op-
eration of the instrument 19. - By synchronizing the fre-
quency of the output voltages of groups I, II according to
the present invention and inverting the reference signal
for one of the groups by the polarity inverter 65 (or by
setting a phase shift of 180° by means of the phase shift
unit 63), there is no frequency difference and therefore
no beat frequency occurs. Further due to said inverting
the currents through both instruments 19, 19’ cancel so
that effectively the current flowing through the common
electrode connecting to the patient body, symbolized by
impedance Rbody, falls to zero (straight-line at 0 mA in
Fig. 5B) . This allows for a much smoother operation of
both electrosurgical instruments, and further effectively
neutralizes most if not all currents through the common
body electrode which further reduces current strain on
the patient’s body.
[0044] An equivalent circuit diagram for an alternative
configuration for unipolar electrosurgical instruments is
shown in Fig. 6A, B. Here, the phase shift is selected to
be zero but the frequency for the inverter cells of group
I is selected to a higher value, e.g. 410 kHz, than the
frequency for the inverter cells of group II, e.g. 400 kHz.
Accordingly, in this embodiment the frequencies of the
two groups of inverter cells are tied to each other but are
not identical. However, like in the foregoing embodiment
both have the same amplitude. Other than that, the equiv-
alent circuit diagram is the same as in the foregoing em-
bodiment. In Fig. 6B, the larger oscillating curves labelled
IZinstr1 and Izinstr2 relate to the currents flowing through
the electrosurgical instruments 19, 19’, respectively. It is
to be noted that due to the rather similar frequencies
these two larger oscillating curves labelled IZinstr1 and
Izinstr2 appear to visually form a single curve. - The os-
cillating curve having the smaller amplitude represents
the current flowing through the common electrode and
the body of the patient, as represented by Rbody in the
equivalent circuit diagram. Due to said frequency differ-
ence, a beat frequency occurs which is however well con-
trolled and therefore manageable.
[0045] Reference is now made to Fig. 7A, B showing
an equivalent circuit diagram and currents for bipolar
electrosurgical instruments. Likewise to the scenario of
Fig. 5A, B and Fig. 6A, B, it relates to operation of the
electrosurgical generator 1 with the inverter unit 4 in the
second state configuration. The inverter cells 5-1, 5-2,
5-3, 5-4 are split into two groups I, II, wherein the output
voltage provided by group I supplying electrosurgical in-
strument 19 is symbolized as a voltage source denoted
by reference sign "I", and wherein the output voltage pro-
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vided by group II supplying electrosurgical instrument 19’
is symbolized as a voltage source denoted by reference
sign "II". Both output voltages have the same amplitude
and are synchronized in frequency and phase. The body
tissues surrounding electrosurgical instruments 19, 19’
are being symbolized by an impedance Zinstr1, Zinstr2,
respectively. Cross-currents may flow through the body
of the patient between the locations of both instruments,
and the respective impedances are symbolized by the
impedances Rbody1 and Rbody2 in Fig. 7A.
[0046] Similar to Fig. 6B, in Fig. 7B the large oscillating
curve relates to the current flowing through either elec-
trosurgical instrument 19. 19’. By synchronizing accord-
ing to the invention to the very same frequency, no fre-
quency difference exists and no modulation occurs,
eventually resulting in the beat frequency being absent.
This has the positive effect of substantially reducing the
amplitude of any cross-current flowing through the pa-
tient’s body impedances Rbody1, 2 down to a value near
or at zero. As a result, the strain affected to the patient’s
body by cross-currents is well controlled and much re-
duced if not eliminated.
[0047] It is to be noted that the amplitude of any cross-
current that may remain can be influenced. To this end,
a current monitor 67, in particular for monitoring cross-
current, is provided which is connected to the sensor ar-
rangements 38, 38’ of either output socket 17, 17’. Using
the measurement values, the current monitor configured
to determine the cross-current flowing through the body
of the patient. Said current monitor 67 co-operates with
an automatic polarity switcher 69 of the common control
unit 6. By switching polarity employing the polarity invert-
er 65 and comparing the cross-current flowing with or
without the polarity inverter 65 engaged, it determined in
which polarity stayed a lower cross-current results of.
Accordingly, the automatic polarity switcher 69 sets the
polarity inversion such that the lower cross-current re-
sults. As this can vary dynamically depending on the ac-
tual location at which the electrosurgical instruments 19
are used, the situation may change often and rapidly de-
pending on variations of Rbody. The automatic polarity
switcher 69 automatically keeps track of this and there-
fore provides a valuable boost of practicability of the dual
activated electrosurgical instruments.

Claims

1. Electrosurgical generator configured to output a
high-frequency alternating voltage to an electrosur-
gical instrument (19), comprising an inverter unit (4)
generating a high-frequency alternating voltage to
be supplied to at least two output sockets (17, 17’)
for connection of electrosurgical instruments (19,
19’), wherein the inverter unit (4) is configured for
simultaneous activation of the output sockets (17,
17’) and the respective connected electrosurgical in-
struments,

characterized in that

the inverter unit (4) is a multilevel inverter and
comprises a plurality of co-operating inverter
cells (5-1, 5-2, 5-3, 5-4), said plurality of inverter
cells being connected in a cascaded manner in
a first state and being split into at least two
groups (I, II) in a second state, each group being
assigned one of the output sockets (17, 17’) and
feeding its generated high-frequency alternating
output voltage via electrode lines to said as-
signed output socket,
wherein the inverter unit (4) is selectively switch-
able between first and second state upon direc-
tion and/or command.

2. Electrosurgical generator of claim 1, wherein the
groups (I, II) with their respective inverter cells are
being commonly controlled by synchronized refer-
ence signals (60, 60’) being generated by a common
control unit (6).

3. Electrosurgical generator of claim 1 or 2, wherein
the reference signals (60, 60’) are being synchro-
nized such that the output voltages have the same
frequency.

4. Electrosurgical generator of claim 3, wherein the out-
put of one group (I) is synchronized in phase with a
predefined phase shift to the output voltage of an-
other group (II) .

5. Electrosurgical generator of claim 4, wherein the pre-
defined phase shift is zero such that the output volt-
ages have the same phase angle.

6. Electrosurgical generator of claim 4, wherein one of
the output voltages is inverted with respect to the
output voltage of another group.

7. Electrosurgical generator according to any of the
preceding claims, wherein at least two groups share
one of the electrode lines, in particular they share a
common neutral electrode (34), wherein preferably
the output sockets (17, 17’) are configured for uni-
polar electrosurgical instruments.

8. Electrosurgical generator according to any of the
preceding claims 1 to 6, wherein each group has its
own electrodes, in particular an active and neutral
electrode (33, 34), neither of them being shared with
another group, wherein preferably the output sock-
ets (17, 17’) are configured for bipolar electrosurgical
instruments.

9. Electrosurgical generator according to the preceding
claim, wherein a polarity of the output voltage of one
of the groups (I, II) can be selectively changed, pref-
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erably by a polarity inverter (65).

10. Electrosurgical generator according to any of the
preceding claims, wherein a current monitor (67) is
provided which is configured to determine a cross-
current between the output sockets (17, 17’).

11. Electrosurgical generator according to the preceding
claim, wherein an automatic polarity switcher (69) is
provided for at least one of the groups, wherein the
automatic polarity switcher (69) is configured to co-
operate with the current monitor (67) for identifying
a polarity having minimal cross-current.

12. Electrosurgical generator according to the preceding
claim, wherein the automatic polarity switcher (69)
is configured to co-operate with the current monitor
(67) such as to (i) determine the cross-current in a
first polarity state, (ii) then switch the polarity to a
second polarity state and determine the cross-cur-
rent in the second polarity state, (iii) comparing the
cross-currents of the first and second polarity state,
(iv) determine which polarity state has a lower cross-
current, and (v) selecting the polarity having the low-
er cross-current.

13. Electrosurgical generator according to any of the
preceding claims, wherein a beat frequency monitor
(66) is provided that is configured to determine a
beat frequency between outputted high-frequency
voltages of the at least two output sockets (17, 17’),
wherein preferably the beat frequency monitor (66)
co-operates with a frequency following unit (62),
preferably for ensuring frequency, and further pref-
erably phase, synchronicity between the at least two
groups (I, II).

14. Electrosurgical generator according to any of the
preceding claims, wherein a decoupling control unit
(68) is provided that is configured to automatically
modify a power setting of one (II) of the group of the
inverter cells upon a change of a power setting of
the other group (I) of the inverter cells.

15. Electrosurgical generator according to any of the
preceding claims, wherein a switching device (57) is
provided which is configured to selectively alter an
electrode, in particular a neutral electrode (34), be-
tween a shared and an unshared state.
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